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STRUCTURE FOR TRANSMITTING POWER OF A MOTORCYCLE ENGINE, 
AND A METHOD FOR ASSEMBLY OF SAID STRUCTURE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a Divisional of co-pending Application No. 09/949,754, filed 
on September 12, 2001, the entire contents of which are hereby incorporated by reference 
and for which priority is claimed under 35 U.S.C. § 120; and this application claims 
priority of Application No. 2000-277065 filed in Japan on September 12, 2000 under 35 
U.S.C. § 119. 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[0001] The present invention relates to a structure for transmitting the power of an 
engine in a motorcycle or the like and, in particular, to the structure in which an 
intermediate shaft is interposed between a crankshaft and the main input shaft of a 
transmission. The invention also relates to a process for assembling said stmcture. 

Description of Background Art 
[0002] A structure for transmitting the power of an engine using such an intermediate 
shaft is already publicly known and, for example, Japanese Examined Patent 
Publication No. 7-54134 discloses a structure in which an intermediate shaft driven 
gear and an intermediate shaft driving gear are disposed on an intermediate shaft and 
in which the intermediate shaft driven gear is engaged with the driving gear of a 
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crankshaft inside a crankcase, and in which the intermediate driving gear is engaged 
with the input gear of the input shaft of a transmission outside the crankshaft, and in 
which a balancer weight is integrally formed inside the crankcase of the intermediate 
shaft. 

[0003] Further, Japanese Examined Patent Publication No. 7-94859 discloses a power 
transmission structure in which an idle gear is arranged at the end portion projecting 
outside the crankcase of an intermediate shaft, and is engaged with both the driving 
gear of a crankshaft and the input gear of the input shaft of a transmission, which are 
disposed outside the crankcase. 

[0004] In this connection, when an intermediate shaft driven gear and a intermediate 
shaft driving gear are disposed on an intermediate shaft inside and outside the 
crankcase, as disclosed in Japanese Examined Patent Publication No. 7-54134, many 
man hours are required for assembly. Thus, it would be desirable to improve 
workability of assembly. Further, if a balancer weight is mounted on the intermediate 
shaft inside the crankcase, restrictions are introduced into the layout, depending on the 
presence or absence of a clearance between the balancer web and a crank web. 
Therefore, it would be desirable to provide an improved structure capable of 
increasing the layout flexibility and of producing a greater balancing effect. 
[0005] Further, if a gear disposed on the intermediate shaft is used only as an idle 
gear, as Japanese Examined Patent Publication No. 7-94859 discloses, a free speed 
reduction ratio carmot be obtained and the distance between the intermediate shaft and 
the input shaft of the transmission is inevitably made greater. 
[0006] The object of the present invention is to solve these problems. 

SUMMARY AND OBJECTS OF THE INVENTION 
[0007] In order to solve the problem described above, a first element of the present 
invention comprises a crankshaft, an intermediate shaft, an input shaft of a 
transmission, and an output shaft of the transmission, wherein these respective shafts 
are supported by a crankcase, characterized in that an intermediate shaft driven gear 
and an intermediate shaft driving gear are mounted adjacently in the axial direction on 
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a right end of the intermediate shaft at a location outside the crankcase, and that the 

intermediate shaft driven gear is engaged with the driving gear of the crankshaft, and 

that the intermediate shaft driving gear is similarly engaged with an input gear of the 

input shaft of the transmission, also in a position outside the crankcase. 

[0008] The present invention is also characterized in that at least one balancer weight 

is mounted on the left end of the intermediate shaft, which projects outside the 

crankcase. 

[0009] In addition, the present invention is characterized in that a sub-gear having the 
same diameter as the intermediate shaft driven gear is overlaid on the intermediate 
shaft driven gear, and that a spring for tuming both the gears in the opposite direction 
is disposed between both the gears to form a canceling structure. The intermediate 
shaft driving gear is also formed in the canceling structure, and has a sub-gear similar 
to the sub-gear of the intermediate driven gear. All four of these gears are butted 
together and held in place by a washer and nut, fixing all of these gears in a thrust 
direction. 

[0010] In the present invention, the intermediate shaft driven gear and the 
intermediate shaft driving gear are disposed on the intermediate shaft outside the 
crankcase. Therefore, it is possible to mount all of the shafts, namely the crankshaft, 
the intermediate shaft, the main input shaft of the transmission, and the output shaft of 
the transmission, on the crankcase, and then to easily mount all of the gears for 
transmitting the power fi-om one of these shafts to another at positions outside the 
crankcase. This configuration results in improved in workability of assembly of the 
members involved. Further, since the intermediate shaft driven gear and the 
intermediate shaft driving gear are mounted on the intermediate shaft in two steps, it 
is possible to fi-eely set a speed reduction ratio. Moreover, the configuration of this 
invention shortens the distance between the intermediate shaft and the crankshaft, and 
the distance between the intermediate shaft and the input shaft of the transmission. 
[0011] In the present invention, since the balancer weight is disposed on the 
intermediate shaft at the portion projecting outside the crankcase, unlike conventional 
embodiments in which the balancer weight is disposed inside the crankcase, the 
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balancer weight can be mounted without regard for the clearance between itself and a 
crank web, thereby increasing layout flexibility. In addition, since the balancer weight 
is mounted at the position away from the center of the engine, it is possible to produce 
a greater effect for regulating lateral vibrations. 

[0012] In the present invention, each of the intermediate shaft driven gear and the 
intermediate shaft driving gear is formed in a canceling structure, with each gear 
having a sub-gear. All four of these gears are then butted together and fixed in the 
thrust direction by means of a simple washer and nut, eliminating the need for a 
special fixing structure, and hence simplifying the structure. 

[0013] Further scope of applicability of the present invention will become apparent 
from the detailed description given hereinafter. However, it should be understood that 
the detailed description and specific examples, while indicating preferred 
embodiments of the invention, are given by way of illustration only, since various 
changes and modifications within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] The present invention will become more fiiUy understood from the detailed 
description given hereinbelow and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of the present invention, and 
wherein: 

[0015] FIGURE 1 is a partially cutaway view of an engine in accordance with the first 
preferred embodiment; and 

[0016] FIGURE 2 is a cross-sectional view to show a part projecting from a right case 
of an intermediate shaft in accordance with the second preferred embodiment. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0017] A first embodiment will be described in the following on the basis of FIGURE 
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1, which shows a partially cutaway view of an engine to show a structure for 
transmitting the power of a V-shaped engine for a motorcycle. In FIGURE 1 , a V- 
shaped engine 1 is provided and includes a piston 2, a connecting rod 3, a crankshaft 
5, and a crank web 6. On the one end of the crankshaft 5 is mounted a generator 7 and 
on the other end thereof are mounted a primary gear 8 and a primary damper 9 which 
is a torque damper. 

[0018] The crankshaft 5 is supported by a left case 10 and a right case 11 which 
constitute a crankcase. A reference numeral 12 designates a left case cover and a 
reference numeral 13 designates a right case cover. An intermediate shaft 20 is 
disposed in parallel to the crankshaft 5, and an intermediate shaft driven gear 21 
engaging with the primary gear 8 is mounted on the end portion of the intermediate 
shaft 20 projecting outside the right case 11 and an intermediate driving gear 22 
having a diameter smaller than the intermediate shaft driven gear 21 is mounted 
adjacently thereto in two steps in the axial direction. 

[0019] Further, a balancer weight 23 is mounted on the other end portion of the 
intermediate shaft 20 projecting outside the left case 10. The balancer weight 23 is 
constituted as a primary balancer for reducing the coupling vibrations (lateral 
vibrations caused by couple of forces) of the crankshaft 5. 

[0020] Further, a main shaft 30, which is the input shaft of a transmission, and a 
counter shaft 31, which is the output shaft of the transmission, are mounted in parallel 
to the intermediate shaft 20. A clutch 32 is mounted on the portion of the main shaft 
30 projecting outside the right case 11 and a primary driven gear 33 connected to the 
outer side of the clutch 32 is engaged with the intermediate shaft driving gear 22. The 
inner side of the clutch 32 is connected to the main gear train 34 on the main shaft 30, 
and power is intermittently transmitted from the primary driven gear 33, which is the 
input gear, to the main gear train 34 by the intermittent engagement of the clutch 32. 
[0021] The main gear train 34 is always engaged with the counter gear train 35 on the 
counter shaft 3 1 and when a speed change operation is selected by means of a publicly 
known shift mechanism, a variable speed is applied to a bevel gear 36, which is an 
output gear, mounted on the one end of the counter shaft 31. The bevel gear 36 is 
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engaged with a bevel bear 38 of an output shaft 37 connected to a driving shaft (not 
shown) to drive a driving wheel such as a rear wheel or the like by a shaft driving 
operation. 

[0022] Next, the action of the present preferred embodiment will be described. The 
intermediate shaft driven gear 21 and the intermediate shaft driving gear 22 are 
mounted adjacently to each other in the axial direction on the intermediate shaft 20 at 
the portion of projecting outside the right case 11. Therefore, when assembling this 
engine, first, the shafts (5, 20, 30, 31) are assembled between the left case 10 and the 
right case 11 so that they support both the cases 10, 11. Then, the primary gear 8 and 
the primary damper 9 are mounted on the crankshaft 5 outside the right case 1 1 , and 
the intermediate shaft driven gear 21 and the intermediate driving gear 22 are 
mounted on the intermediate shaft 20, and the clutch 32 is mounted on the main shaft 
30, and the intermediate shaft driven gear 21 is engaged with the primary gear 8 and 
the intermediate shaft driving gear 22 is engaged with the primary driven gear 33 of 
the clutch 32. 

[0023] In this manner, a gear train for transmitting power between the crankshaft 5, 
the intermediate shaft 20 and the main shaft 30 outside the right case 11 can be 
assembled outside the right case 1 1 in a state where each of the shafts are positioned 
with respect to the crankcase. This can improve workability in assembling them. 
Further, since the intermediate shaft driven gear 21 and the intermediate shaft driving 
gear 22 are mounted in two steps, a speed reduction ratio can be freely set, and 
further, the distance between the intermediate shaft 20 and the crankshaft 5 and the 
distance between the intermediate shaft 20 and the main shaft 30 can be made smaller. 
Still further, since the intermediate shaft driven gear 21 having a larger diameter, is 
mounted at the crank room side, which is the inner side, and an intermediate shaft 
driving gear 22 having a smaller diameter, is mounted at the outer side thereof, there 
is not the possibility that the larger intermediate shaft driven gear 21 will interfere 
with the clutch 32 disposed on the main shaft 30. 

[0024] Further, since the balancer weight 23 is mounted on the intermediate shaft 20 
at the other end side projecting outside the left case 10, unlike inventions described in 
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prior art where the balancer weight 23 is typically mounted inside the left case 10 and 
a balancer weight 23 and the crank web 6. Thus, the present invention increases the 
flexibihty in the layout. Still further, since the balancer weight 23 is mounted on the 
side opposite to the side of the intermediate shaft 20 where the intermediate shaft 
driven gear 21 and the intermediate shaft driving gear 22 are mounted, the flexibility 
in the layout of the balancer weight 23 can be further increased. Still further, since the 
balancer weight 23 is mounted on the intermediate shaft 20 at the position farthest 
from the center of the engine, the distance from the center to the balancer weight 23 is 
made greater, resulting in a greater balancing effect for regulating lateral vibrations. 
[0025] Next, a second embodiment of the present invention will be described on the 
basis of FIGURE 2. In this connection, FIGURE 2 is a cross-sectional view to show a 
portion of the intermediate shaft 20 projecting outside the right case 11, and like 
reference numerals are used for the parts common to those in the first preferred 
embodiment, and thus will be omitted. In this second embodiment, each of the 
intermediate shaft driven gear 2 1 and the intermediate shaft driving gear 22 is formed 
in a canceling structure. That is, a sub-gear 51 having an equivalent diameter and a 
narrower width with respect to the intermediate shaft driven gear 2 1 , which is a main 
gear, is overlaid on the driven gear 21, and both the gears 51 and 21 are turned and 
urged in the direction opposite to each other by a coil spring 53 between both the 
gears 21 and 51. The intermediate shaft driven gear 21 is spline-coupled with the 
intermediate shaft 20 by the spline grooves 20a and is engaged with the primary gear 
8 along with the sub-gear 51. The sub-gear 51 is fitted on the boss 54 of the 
intermediate shaft driven gear 21 such that it can turn with a play. 
[0026] Further, the intermediate shaft driving gear 22 is also formed in the canceling 
structure and has a coil spring 55 disposed between intermediate shaft driving gear 
and the sub-gear 52. The sub-gear has an equivalent diameter and a narrower width 
with respect to the intermediate driving gear 22, and the sub-gear 52 is engaged with 
the primary driven gear 33 along with the intermediate shaft driving gear 22, The 
intermediate shaft driving gear 22 is spline-coupled with the intermediate shaft 20 by 
the spline grooves 20a and is fitted on the boss 56 of the intermediate shaft driving 
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gear 22 such that it can turn with a play. 

[0027] When assembling these gears, first, the intermediate shaft driven gear 21 is 
fitted on and spline-coupled with the intermediate shaft 20 and then the sub-gear 5 1 is 
fitted on the boss 54 of the intermediate shaft driven gear 21 with the coil spring 53 
disposed on the side opposed to the sub-gear 5 1 to support the coil spring 53 between 
the intermediate shaft driven gear 21 and the sub-gear 51. Subsequently, the 
intermediate shaft driving gear 22 is fitted on and spline-coupled with the intermediate 
shaft 20, and then the sub-gear 52 is fitted on the boss 56 of the intermediate shaft 
driving gear 22. Here, the coil spring 55 is previously sandwiched between the 
intermediate shaft driving gear 22 and the sub-gear 52. 

[0028] Thereafter, a nut 58 is fastened to the shaft end of the intermediate shaft 20 via 
a washer 57 to fix these four gears 21,51, 22, and 52 in the thmst direction. Here, the 
sub-gear 51 is butted against and positioned by the side surfaces of the intermediate 
shaft driven gear 21 and the intermediate shaft driving gear 22. Therefore, since the 
sub-gear 51 can be positioned in the thrust direction by fixing the neighboring 
intermediate shaft driving gear 22 without using a special member, it is possible to 
reduce the number of the parts and to simplify the structure. 

[0029] In this connection, the present invention is not limited to the preferred 
embodiments described above, and various modifications may be made within the 
spirit and scope of the present invention and, for example, a publicly type of 
continuously variable transmission can be adopted as the structure of the transmission. 
[0030] The invention being thus described, it will be obvious that the same may be 
varied in many ways. Such variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifications as would be obvious to 
one skilled in the art are intended to be included within the scope of the following 
claims. 



